Background: The purpose of this investigation was to determine the incidence rates of, and identify risk factors for, thirty-day
T otal knee arthroplasty is common and can restore function and improve quality of life for patients with knee arthritis that has not been effectively managed nonoperatively [1] [2] [3] [4] [5] . However, total knee arthroplasty may be associated with serious complications that adversely affect outcomes and increase the likelihood of higher health-care costs, disability, and death 6, 7 . The prevalence of diabetes has increased by 32% over the past ten years 8, 9 , while the obesity rate (a body mass index [BMI] of ‡30 kg/m 2 ) has risen by 129% 10 . Obesity is a major risk factor for the development of knee osteoarthritis 11, 12 and, consequently, the proportion of obese patients who undergo total knee arthroplasty has also increased 13 . In addition to there being more chronic medical conditions within the general population, total knee arthroplasty has been thought to be offered more frequently to patients with complex comorbidities because of surgeon confidence in enhanced perioperative management 7 . Many studies that have provided comprehensive evaluations of postoperative mortality and morbidity after total knee arthroplasty have been single-center/regional studies 6, 14, 15 or have relied on state/national registries with limited case-specific data 7, 16, 17 . In addition, the authors of these studies have tended to group together both primary and revision total hip and total knee arthroplasty complications, and thus the resultant capacity to generalize these findings to the U.S. population undergoing a primary unilateral total knee arthroplasty may be limited.
Few well-designed studies, with sufficient sample size and adjustment for potential confounding variables, have examined risk factors such as age, sex, BMI, specific medical comorbidities, and operative time and their effect on postoperative mortality, morbidity, and length of hospital stay following total knee arthroplasty. The purpose of this investigation was to determine the incidence rates of, and identify risk factors for, thirty-day postoperative mortality and complications as well as their influence on length of hospital stay among more than 15,000 patients who underwent primary unilateral total knee arthroplasty as documented in the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP).
Materials and Methods

F
ollowing institutional review board approval, we obtained NSQIP data from the years 2006 to 2010. The NSQIP database has been successfully employed in previous prognostic studies regarding orthopaedic surgery 18, 19 , including those that have examined aspects of total knee arthroplasty 20 , and NSQIP data have been proven to be consistently reliable, with interrater disagreement reported to be 1.6% 21 . Previous studies have detailed the NSQIP database methodology regarding case accrual, preparation of the data set, validity, and reliability 21, 22 . At all medical centers that participate in NSQIP, patient demographic data and medical history are recorded by assigned NSQIP staff members. Site visits, as well as system auditing, are performed to ensure data accuracy. Patients included in the NSQIP database are prospectively followed for thirty days postoperatively, and postoperative complications as well as mortality are recorded. Any additional surgical procedures performed within thirty days postoperatively are not registered with the database as new procedures.
The Current Procedural Terminology code 27447 (total knee arthroplasty) was employed in this investigation to identify all individuals who had undergone a primary unilateral total knee arthroplasty. Excluded were patients for whom additional codes associated with the index procedure indicated that they had undergone bilateral or staged knee arthroplasty. Demographic information as reported to the NSQIP, including medical history and current medical comorbidities, was catalogued (Table I) . *More than two alcoholic drinks per day in the two weeks before admission. †Congestive heart failure within thirty days before surgery, chronic congestive heart failure with new signs or symptoms within thirty days before surgery, or a history of myocardial infarction within six months before surgery.
Intraoperative characteristics, such as type of anesthesia and operative times, were recorded. The length of hospital stay as well as thirty-day postoperative complications and mortality were abstracted. Both systemic and local complications were categorized as either major or minor, based on accepted determinations from the literature 6, 14, 15 , by which major systemic complications necessitated complex medical intervention and major local complications consisted of deep wound infection or peripheral nerve injury (Tables II and III) .
Statistical Analysis
Univariate logistic regression analysis and the chi-square statistic were used to determine the effect of individual risk factors on mortality, the development of one or more complications as well as major and minor systemic or local complications, and the length of hospital stay. The primary patient-based predictors included age (categorized as fifty-nine years of age or younger, sixty to sixty-nine years of age, seventy to seventy-nine years of age, or eighty years of age and older), sex, BMI (categorized as £24.9, 25.0 to 29.9, 30.0 to 34.9, 35.0 to 39.9, or ‡40 kg/m 2 ), American Society of Anesthesiologists (ASA) classification (1 or 2 compared with 3 or 4), diabetes, and cardiac disease. The primary surgical risk factor evaluated was operative time. The ASA score is a validated measure of perioperative mortality and immediate postoperative morbidity 23, 24 . Multivariate logistic regression analysis was conducted for factors with a p value of <0.2 in the initial univariate and chi-square testing to evaluate the effect of the individual risk factors on morbidity, mortality, and length of hospital stay while controlling for other factors in the model. Odds ratios (ORs) and 95% confidence intervals (CIs) were reported for both univariate and multivariate analyses. Significant independent predictor variables were determined to be those that maintained p values of <0.05 with the OR and 95% CI exclusive of 1.0 following multivariate analysis. The C-statistic and the Hosmer-Lemeshow goodness-of-fit test were used to assess the fitness of the logistic regression model.
Source of Funding
No funding was received in support of this study.
Results
T
here were 15,321 patients in the NSQIP database who underwent primary unilateral total knee arthroplasty between 2006 and 2010. The average age (and standard deviation) of the patients at the time of the index procedure was 67.3 ± 10.2 years. The majority of the patients were female (64.5%), had a BMI of ‡30 kg/m 2 (61.2%), and were nonsmokers (91.3%) ( Table I) . Fifty percent were classified as ASA Class 3 or higher. The most common medical comorbidities were hypertension (in 70.0% of the patients), diabetes mellitus (in 18.2%), and cardiac disease (in 10.8%) ( Table I ). The mean operative time (skin-to-skin) was 97 ± 38 minutes. For the purposes of statistical analysis, comparisons were made between operative times that exceeded the mean by one standard deviation (135 minutes) and those that were concluded in less than 135 minutes. The length of stay was three days or less for 69.9% of the patients.
The thirty-day mortality rate was 0.18%. In the same time period, 1057 complications were documented among 851 (5.55%) of the patients (Tables II and III) . There were 324 major systemic complications among 280 (1.83%) of the patients and 509 minor systemic complications among 491 (3.20%) of the patients. Of the major systemic events, 46.6% were cardiovascular in origin, with pulmonary embolism being the most prevalent major systemic complication (noted in 0.78% of the patients). Urinary tract infection and deep venous thrombosis were the most common minor systemic complications, documented in 1.49% and 1.34% of the patients, respectively. There were sixty-two major local complications and 162 minor local complications; sixty-two patients (0.40%) had major local complications and 158 (1.03%) had minor local complications. The major local complications consisted of deep wound infection (0.30% of the patients) and peripheral nerve injury (0.10% of the patients). Superficial wound infection (0.79%) and wound dehiscence (0.27%) accounted for the minor local complications. The majority of complications were diagnosed within the first two weeks following surgery. Fiftytwo percent of venous thromboembolic events were identified within the first three postoperative days, while 75% were diagnosed by postoperative day nine. Among the twenty-seven patients who died, eighteen (67%) had sustained a total of forty-five complications. Cardiac arrest (44% of the patients), systemic shock (18.5%), and renal failure (18.5%) were the most common specific complications among those who died. Overall, 340 (2.2%) of the patients either died or experienced a major complication in the first thirty days following primary total knee arthroplasty. Within this group, seven patients died after sustaining a major systemic complication and ten patients had two or more major systemic complications.
Univariate testing identified risk factors for mortality, any complication, major systemic complication, minor systemic complication, minor local complication, and a length of hospital stay of four days or more that met criteria for inclusion in multivariate testing (Table IV) . Notable among these were the association of diabetes mellitus with mortality (OR = 3.09; 95% CI = 1.43 to 6.66; p = 0.004), a patient age of eighty years or older with major systemic complication (OR = 2.77; 95% Multivariate logistic regression analysis determined the risk factors for mortality, any complication, major systemic complication, minor systemic complication, minor local complication, and a length of stay of four days or more (Table V) . Diabetes mellitus (OR = 2.99; 95% CI = 1.35 to 6.62; p < 0.006) and age (OR = 1.12 per annual increase in patient age; 95% CI = 1.06 to 1.17; p < 0.0001) were significant independent predictors of mortality. Diabetes mellitus was identified as a medical comorbidity in 18.2% of patients and increased the overall risk of mortality by 300%. A BMI of ‡40 kg/m 2 was an independent predictor of the development of any postoperative complication (OR = 1.47; 95% CI = 1.09 to 1.98). Patient age of eighty years or older, an ASA classification of ‡3, and an operative time of >135 minutes were important predictors of the development of any postoperative complication as well as major and minor systemic complications (Table V) . Female sex, patient age of eighty years or older, an ASA classification of ‡3, and an operative time of >135 minutes were significant predictors of one or more minor systemic complications. Cardiac disease, a BMI of ‡40 kg/m 2 , an ASA classification of ‡3, and an operative time of >135 minutes were significant predictors of one or more minor local complications. Female sex; age groups sixty to sixty-nine years, seventy to seventy-nine years, and eighty years and older; an ASA classification of ‡3; diabetes mellitus; and an operative time of >135 minutes were independent predictors of a length of stay of four days or more (Table V) . The C-statistic (0.76) indicated that the model used had a very good distinguishing ability to evaluate mortality, while its distinguishing capacity for the other factors evaluated was more moderate. The goodness-of-fit test showed no evidence of a lack of fit for any characteristic analyzed in this study.
Discussion
T otal knee arthroplasty has been associated with substantial mortality and life-altering complications 6, 14, 15, 20, 25 . Improving the quality of care for patients who undergo total knee arthroplasty by identifying specific patient-based and surgical variables capable of impacting outcomes remains a continuing priority 20, 26 . This investigation examined the risk factors for thirty-day postoperative mortality and complications following primary unilateral total knee arthroplasty in a data set from hospitals throughout the United States.
The average age of the patients who underwent unilateral total knee arthroplasty and the prevalence of medical comorbidities, including diabetes mellitus (in 18.2% of the patients) and a BMI of ‡30 kg/m 2 (61.2% of the patients), were similar to those noted in contemporary studies 1, 7, 13, 24, [27] [28] [29] [30] , as was the mean operative time 31 . The 0.18% mortality rate identified in this study is on the lower end of the spectrum reported for both unilateral and bilateral total knee arthroplasties (0.21% to 0.36%) 32, 33 . In these aforementioned investigations, bilateral total knee arthroplasties, which are associated with higher mortality rates 33 , accounted for 3% to 12% of the total procedures. Our multivariate logistic regression analyses identified diabetes mellitus and increased patient age as independent predictors of mortality (Table V) . Other investigators who have used multivariate analyses have reported elevated thirty-day mortality rates with increased patient age 33, 34 , but none have previously identified diabetes mellitus as a risk factor, to our knowledge.
Of the patients in the present study who underwent a unilateral total knee arthroplasty, 5.6% developed a complication (Table III) . Multivariate analyses demonstrated that a patient age of eighty years or older, an operative time of >135 minutes, an ASA classification of ‡3, and a BMI of ‡40 kg/m 2 were the most important risk factors, in descending order, for the development of any complication (Table V) . These findings were consistent with those of previous studies from single institutions that presented major and minor systemic and local complication rates for all hip and knee reconstructive procedures and that found age, obesity, and a history of coexistent diseases as risk factors 6, 14, 35 . In the present study, we comprehensively evaluated complications to quantify, with the use of multivariate analysis, the elevation in relative risk associated with prolonged surgical times and with BMI. Surgical efficiency, represented by decreased operative times, should be a universal goal, given that longer surgical times for total knee arthroplasty have been associated with venous thromboembolism, neurologic dysfunction, and decreased implant survivorship [36] [37] [38] . In the United States, the prevalence of obesity (a BMI of ‡30 kg/m 2 ) is currently 34.3%, and the prevalence of morbid obesity (a BMI of ‡40 kg/m 2 ) has increased 428% in the last three decades, to 6.0% 10 . In our study, only patients with a BMI of ‡40 kg/m 2 , when compared with those with a BMI of <25 kg/m 2 , had a significantly increased risk of developing any complication (OR = 1.47; 95% CI = 1.09 to 1.98). This study underscores the need to develop and evaluate weight-loss programs/interventions, especially for patients who are morbidly obese and have knee osteoarthritis 39, 40 . Major and minor systemic complications occurred in 1.83% and 3.20% of patients who underwent unilateral total knee arthroplasty, respectively (Table III) . The most common major complications were pulmonary embolism (in 0.78% of the patients) and postoperative sepsis/septic shock (in 0.57% of the patients). Pulmonary embolism is the most common major systemic complication following total knee arthroplasty, with an incidence of 1.82% 15 . The most common minor complications were urinary tract infection, deep venous thrombosis, and pneumonia. Multivariate analyses ascertained that a patient age of eighty years or older was the most important risk factor for the development of one or more major and one or more minor systemic complications, and an ASA classification of ‡3 and an operative time of >135 minutes were also significant risk factors for major and minor systemic complications (Table V) .
Major and minor local complications occurred in 0.40% and 1.03% of the patients, respectively (Table III) . The most common major local complications were deep wound infection and peripheral nerve injury, while the most common minor local complications were superficial wound infection and wound dehiscence. The thirty-day periprosthetic knee infection rate of 0.30% is similar to the 0.33% acute periprosthetic infection rate reported in a cohort study of 4185 total knee arthroplasties 41 . Since nearly 75% of the major local complications within thirty days postoperatively were deep wound infections, and the average time to diagnosis of an infection after index total knee arthroplasty has been reported to be 431 days 41 , we employed extreme caution in interpreting the finding of no potential risk factors for the development of major local complications. A recent meta-analysis of patients with total knee arthroplasty 42 reported a significantly increased risk for both superficial and deep infections for patients with a BMI of ‡30 kg/m 2 . Other, prospective research has shown that a BMI of ‡40 kg/m 2 and diabetes mellitus are significant risk factors for the development of a periprosthetic infection within the first year after total knee arthroplasty 41, 43 . In the current study, multivariate analyses determined that patients with cardiac disease had a fourfold increase in risk of developing one or more minor local complications, and that a BMI of ‡40 kg/m 2 , an ASA classification of ‡3, and an operative time of >135 minutes were also significant independent predictors of one or more minor local complications. We found that only those with a BMI of ‡40 kg/m 2 , when compared with the group of patients with a BMI of <25 kg/m 2 , had a significantly increased risk of developing a minor local complication (OR = 2.51; 95% CI = 1.28 to 1.92). Wound complications necessitating surgical treatment within thirty days after primary total knee arthroplasty are associated with a greater than sevenfold increased risk for the development of deep infection within two years 44 . Thus, the potential exists for minor local complications to develop into periprosthetic infections.
The use of national registry data is one of the main limitations of this analysis. Patient information, including complications, is restricted to the data documented within the NSQIP database, and several potential confounders were not reported and cannot be controlled. These include compliance with and manner of deep venous thrombosis chemoprophylaxis, the use of antibiotic cement, the presence and management of perioperative hyperglycemia, and the severity of coexistent medical conditions. Although the NSQIP has a robust oversight program and proactively engages in actions intended to minimize coding errors 18, 19, 21, 22 , the potential for the underreporting of complications within the NSQIP data set has been raised in the past 22 . Additionally, the overall complication rates cannot be extrapolated beyond thirty days.
Of the more than 15,000 patients who underwent unilateral total knee arthroplasty, 0.18% died within thirty days postoperatively and 5.6% experienced complications. The results of this study underscore that diabetes mellitus and increased age are notable risk factors for mortality. Additionally, a patient age of eighty years or older, an operative time of >135 minutes, an ASA classification of ‡3, and a BMI of ‡40 kg/m 2 were identified as risk factors for the development of complications following surgery. The 2.2% mortality or major complication rate that we found for patients who underwent a unilateral total knee arthroplasty confirms the need for diligent medical management during the perioperative period. n
